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(57)Abstract: 

PURPOSE: To enable a deposit film to be formed at a high 
speed on the surface of a cylindrical base extremely uniform in 
thickness and quality along both an axial and a circumferential 
direction by a method wherein an electric energy of ultrashort 
wave is supplied to each of the split cathode electrodes. 
CONSTITUTION: A cylindrical base 106 is set on a holder 105A. 
and then a reaction chamber 100 is reduced in pressure as 
required. Then, a current is fed to a heater 105A" to heat the 
base 106 at a prescribed temperature, material gas is 
introduced into the reaction chamber 100 from a material gas 
feed system 108, and the reaction chamber 100 is controlled in 
pressure as required. Then, an electric power of high 
frequencies 60 to 300MHz is generated by a high frequency 
power source 111, divided by a high frequency power distributor 
120, and fed to cathode electrodes 103A to 103C through the 
intermediary of matching circuits 109A to 109C. By this setup, 
material gas is decomposed by a high frequency energy to 
generate active seeds in a space surrounded with the cylindrical 
base 106 and the cathodes 103A to 103C, whereby a deposit 
film is formed on the cylindrical base 106. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] Supply the material gas for membrane formation in the reaction container under reduced pressure, 
and the high-frequency power which the cathode electrode prepared in the perimeter of the pivotable 
cylindrical base arranged in said reaction container was made to generate in a VHF band RF generator is 
supplied through a RF electric power supply means. It is the VHF plasma-CVD method which is made to 
generate the plasma between said cylindrical bases and said cathode electrodes, and forms the deposition 
film in it on said cylindrical base front face. Said cathode electrode It is electrically divided into plurality 
about the shaft orientations of said cylindrical base. The VHF plasma-CVD method characterized by the 
divided this cathode electrode being alike, respectively, and supplying the ultrashort-wave energy of the 
r£inge of 60MHz - 300MHz frequency through said RF electric power supply means, making the plasma 
occur and forming the deposition film in said reaction container. 

[Claim 2] The ultrashort-wave energy per unit area of the cathode electrode supplied to said cathode 
electrode is a VHF plasma-CVD metiiod according to claim 1 controlled to become almost equal about each 
electrode. 

[Claim 3] Said ultrashort-wave energy is .0.001 W/cm2 - 10 W/cm2 per unit area of said cathode electrode. 
VHF plasma-CVD method according to claim 1 supplied in the range. 

[Claim 4] The pressure in said reaction container at the time of forming said deposition film is a VHF 
plasma-CVD method according to claim 1 maintained by 5 or less Torrs. 

[Claim 5] Said cylindrical base is a VHF plasma-CVD method according to claim 1 held at the temperature 
of 20 degrees C - 500 degrees C. 

[Claim 6] Said deposition film is a VHF plasma-CVD method according to claim 1 which is the deposition 
film of a silicon system. 

[Claim 7] Said deposition film is a VHF plasma-CVD method according to claim 6 which is for 
electrophotography photo conductors. 

[Claim 8] Supply the material gas for membrane formation in the reaction container under reduced pressure, 
and the high-frequency power which the cathode electrode prepared in the perimeter of the pivotable 
cylindrical base arranged in said reaction container was made to generate in a VHF band RF generator is 
supplied through a RF electric power supply means. It is the VHF plasma-CVD method which is made to 
generate the plasma between said cylindrical bases and said cathode electrodes, and forms the deposition 
film in it on said cylindrical base front face. Said cathode electrode It has two or more nodes which each of 
the cathode electrode which is electrically divided into plurality about the shaft orientations of said 
cylindrical base, and was this divided connects independently to a RF electric power supply means. The 
VHF plasma-CVD method characterized by supplying the ultrashort-wave energy of the range of 60MHz - 
300MHz frequency through the node of these plurality, making the plasma occur and forming the deposition 
film in said reaction container. 

[Claim 9] The ultrashort-wave energy per unit area of the cathode electrode supplied to said cathode 
electrode is a VHF plasma-CVD method according to claim 8 controlled to become almost equal about each 
electrode. 

[Claim 10] Said ultrashort-wave energy is 0.001 W/cm2 - 10 W/cm2 per imit area of said cathode electrode. 
VHF plasma-CVD method according to claim 8 supplied in the range. 

[Claim 11] The pressure in said reaction container at the time of forming said deposition film is a VHF 
plasma-CVD method according to claim 8 maintained by 5 or less Torrs. 

[Claim 12] Said cylindrical base is a VHF plasma-CVD method according to claim 8 held at the temperature 
of 20 degrees C - 500 degrees C. 
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[Claim 13] Said deposition film is a VHP plasma-CVD method according to claim 8 which is the deposition 
film of a silicon system. 

[Claim 14] Said deposition film is a VHP plasma-CVD method according to claim 12 which is for 
electrophotography photo conductors. 

[Claim 1 5] A material gas supply means to supply the material gas for deposition film formation in the 
reaction container which can be decompressed, and this reaction container, It has the cathode electrode and 
VHP band RP generator which were prepared so that the cylindrical base arranged on the pivotable base 
maintenance means allotted in said reaction container and said base maintenance means might be 
surrounded. The high-fi*equency power generated in said VHP band RF generator is supplied to said cathode 
electrode through a RP electric power supply means. It is plasma-CVD equipment which is made to 
generate the plasma between said cylindrical bases and said cathode electrodes, and forms the deposition 
film in it on said cylindrical base front face. Said cathode electrode Plasma-CVD equipment characterized 
by each cathode electrode electrically divided and this divided into plurality about the shaft orientations of 
said cylindrical base being alike, respectively, and supplying the ultrashort- wave energy of the range of 
60MHz - 300MHz frequency throu^ said RP electric power supply means. 

[Claim 16] Said divided cathode electrode is cylindrical plasma-CVD equipment according to claim 15. 
[Claim 17] The die length of said divided cathode electrode is plasma-CVD equipment according to claim 
15 which is 330mm or less. 

[Claim 18] Said ultrashort- wave energy is plasma-CVD equipment according to claim 15 which is divided 
into plurality by the power distribution unit and supplied to said divided cathode electrode. 
[Claim 19] A material gas supply means to supply the material gas for deposition film formation in the 
reaction container which can be decompressed, and this reaction container. It has the cathode electrode and 
VHP band RP generator which were prepared so that the cylindrical base arranged on the base maintenance 
means allotted in said reaction container and said base maintenance means might be surrounded. The high- 
frequency power generated in said VHP band RP generator is supplied to said cathode electrode through a 
RP electric power supply means. It is plasma-CVD equipment which is made to generate the plasma 
between said cylindrical bases and said cathode electrodes, and forms the deposition film in it on said 
cylindrical base front face. Said cathode electrode It has two or more nodes which each of each cathode 
electrode electrically divided and this divided into plurality about the shaft orientations of said cylindrical 
base connects independently to a RP electric power supply means electrically. Plasma-CVD equipment 
characterized by supplying the ultrashort- wave energy of the range of 60MHz - 300MH2 frequency to each 
cathode electrode through the node of these plurality. 

[Claim 20] Said node is plasma-CVD equipment according to claim 19 arranged on the location which 
becomes symmetrical centering on said cylindrical base. 

[Claim 21] Said divided cathode electrode is cylindrical plasma-CVD equipment according to claim 19. 
[Claim 22] Said divided cathode electrode is plasma-CVD equipment according to claim 21 whose height is 
330mm or less. 

[Claim 23] Said ultrashort-wave energy is plasma-CVD equipment according to claim 19 which is divided 
into plurality by the power distribution unit and supplied to said divided cathode electrode. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2P%2Pwww4.ipdl.ncipi.... 8/14/2006 



JP,06-342764,A [DETAILED DESCRIPTION] 



Page 1 of 19 



* NOTICES * 

JFO €uid NCZPI are not responsible for any 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma-CVD equipment suitable for enforcing the 
plasma-CVD method and this plasma-CVD method which use the ultrashort wave which makes it 
homogeneity and can attain formation of the large area deposition film of homogeneous membrane 
thickness by the high rate of sedimentation. It is related with the plasma-CVD equipment suitable for this 
invention enforcing the plasma-CVD method and this plasma-CVD method which make it possible to be 
homogeneous membrane thickness and to form the large area deposition film for devices which is the 
comparatively high rate of sedimentation using the frequency of a field higher than the frequency domain 
used [ in / in a detail / the conventional RF plasma-CVD method ] more, and has large areas, such as an 
electrophotography photo conductor, by homogeneity membraneous quality. 
[0002] 

[Description of the Prior Art] In recent years, in manufacture of a semiconductor device, pressure of 
business of the so-called RF plasma-CVD method is carried out. Generally in the RF plasma-CVD method 
concemed, the 13.56MHz RF is used from a viewpoint based on Wireless Telegraph Law. Although it has 
the advantage that control of discharge conditions is comparatively easy for RF plasma-CVD method, and 
the membraneous quality of the film obtained is excellent, the use effectiveness of gas is low and there is a 
problem that the formation rate of the deposition film is comparatively small. The microwave CVD method 
using the so-called microwave with a frequency of 2.45GHz is proposed in solving this problem, although 
there is an advantage that a microwave CVD method has the high use effectiveness of gas, and the 
formation rate of the deposition film is boiled markedly and can be enlarged — the plasma consistency at the 
time of membrane formation - very - high - it - therefore, there is a problem that it is very difficult to be 
stabilized and to perform formation of the precise deposition film from decomposition of material gas being 
made rapidly and film deposition being performed at high speed. 

[0003] From such a background, the examination about the plasma-CVD method using the so-called 
ultrashort wave of the 30MHz - about 150MHz VHF field of a frequency higher recently than 13.56MHz 
has been made. For example. Plasma Chemistry and Plasma Processing, Vol Ultrashort-wave energy with a 
frequency of 25-150MHz decomposing material gas (silane gas) into 7, No3, and p( 1987)267-273 
(henceforth "reference 1 ") using the glow discharge cracking unit of a capacity-coupling mold, and forming 
the amorphous silicon (a-Si) film in them is indicated. Change a frequency to reference 1 in 20MHz - 
150MHz, and the a-Si film is specifically formed. When 70MHz is used, the film rate of sedimentation 
becomes the largest with 21 A/sec, and it is a formation rate in the case of the RF plasma-CVD method 
above-mentioned [ this ], about 5 to 8 times, And it is indicated that the defect density, the optical band gap, 
and conductivity of the a-Si film obtained are seldom influenced depending on an excitation frequency. 
However, membrane formation of a publication is the thing of a laboratory scale, and there is no place 
which completely touches on whether such effectiveness is expectable in formation of the film of a large 
area in reference 1 . Incidentally, use of a RF (13.56MHz - 200MHz) remains for only suggesting possibility 
at reference 1 noting that it opens a view interested in high-speed processing of the large area a-Si:H thin 
film device of low cost with which the thickness of several micrometers is demanded, this point is clear 
from the experimental result which this invention persons who mention later performed — as — use of the so- 
called ultrashort-wave energy of a VHF field — the superresolution effectiveness and the high rate of 
sedimentation of gas — bringing — although carried out, formation of the large area deposition film with 
which practical use can be presented is difficult. Moreover, the approach of forming the amorphous silicon 
system semi-conductor film on a cylindrical base using ultrashort-wave energy 20MHz or more (suitably 
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30MHz - 50MHz) is indicated by JP3-64466,A (henceforth "reference 2"). Specifically material gas is 
introduced in a reaction chamber, this reaction chamber is set as the gas pressure of 10-4 - 0.2Torr, the 
ultrashort-wave energy of the amount which is equivalent to 0.1 - 10 w/sccm by the ratio to the flow rate of 
said material gas is introduced into said reaction chamber, glow discharge is generated, and the approach of 
forming the amorphous silicon system semi-conductor film is indicated. According to the approach of 
reference 2, 10 or more micrometer/hour of membrane formation rates is supposed that it is obtained and 
nonuniformity of the thickness of the deposition film obtained can be made small to 20% or less. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the approach of reference 2, even if it is going to 
attain the film rate of sedimentation of the film rate of sedimentation mentioned above using the ultrashort- 
wave energy of the fi"equency exceeding the fi-equency domain mentioned above, a satisfying result is not 
obtained. That is, when this invention persons enforced the approach of a publication in reference 2 using 
the RF generator with a frequency of 40MHz or more, it became clear that in the case of frequency 60MHz 
or more nonuniformity arose in the thickness of the deposition film about each of the shaft orientations of a 
cylindrical base and a hoop direction, and the good film could not be obtained by the high rate of 
sedimentation, so that it might mention later. 

[0005] The main purpose of this invention solves the trouble in the conventional technique mentioned 
above, and is to offer the plasma-CVD method (henceforth a "VHP plasma-CVD method") which uses the 
RF of the VHP field which can form the quality deposition film which thickness is very uniform and is 
homogeneity membraneous quality at high speed also about the shaft orientations of this cylindrical base, 
and which direction of a hoop direction on the front face of a cylindrical base. 

[0006] The further purpose of this invention prevents loss of the high-frequency power accompanying the 
increment in a fi-equency of an RF generator, and is to offer the VHF plasma-CVD method which may occur 
the plasma efficiently. 

[0007] Other purposes of this invention are to supply the ultrashort-wave energy of the range of 60MHz - 
300MHz frequency to each of the cathode electrode which the cathode electrode prepared in the perimeter 
of a cylindrical base is electrically divide into plurality about the shaft orientations of a cylindrical base, and 
was this divided through a RF electric power supply means, and offer the VHP plasma-CVD method which 
the plasma is make to occur and forms the deposition film on a cylindrical base in a reaction container. 
[0008] Still more nearly another purpose of this invention is to offer the plasma-CVD equipment with which 
the cathode electrode which encloses a cylindrical base supplied the ultrashort-wave energy of the range of 
60MHz - 300MHz fi-equency to each of each cathode electrode electrically divided and this divided into 
plurality about the shaft orientations of a cylindrical base through the RF electric power supply means. 
[0009] 

[Means for Solving the Problem] The VHP plasma-CVD method of this invention for attaining the above- 
mentioned purpose includes the following two modes. Namely, the 1st mode of this invention supplies the 
material gas for deposition film formation in the reaction container under reduced pressure. The high- 
frequency power which the cathode electrode prepared in the perimeter of the pivotable cylindrical base 
arranged in said reaction container was made to generate in a VHF band RF generator is supplied through a 
RF electric power supply means. It is the VHP plasma-CVD method which is made to generate the plasma 
between said cylindrical bases and said cathode electrodes, and forms the deposition film in it on said 
cylindrical base front face.. Said cathode electrode It is electrically divided into plurality about the shaft 
orientations of said cylindrical base. It is characterized by ttie divided this cathode electrode being alike, 
respectively, and supplying the ultrashort-wave energy of the range of 60MHz - 300MHz frequency through 
said RF electric power supply means, making the plasma occur and forming the deposition film on said 
cylindrical base in said reaction container. 

[0010] The 2nd mode of this invention supplies the material gas for deposition film formation in the reaction 
container under reduced pressure. The high-frequency power which the cathode electrode prepared in the 
perimeter of the pivotable cylindrical base arranged in said reaction container was made to generate in a 
VHF band RF generator is supplied through a RF electric power supply means. It is the VHF plasma-CVD 
method which is made to generate the plasma between said cylindrical bases and said cathode electrodes, 
and forms the deposition film in it on said cylindrical base front face. Said cathode electrode It has two or 
more nodes which each of the cathode electrode which is electrically divided into plurality about the shaft 
orientations of said cylindrical base, and was this divided connects independently to a RF electric power 
supply means. It is characterized by supplying the ultrashort-wave energy of the range of 60MHz - 300MHz 
frequency through the node of these plurality, making the plasma occur and forming the deposition film on 
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said cylindrical base in said reaction container. 

[001 1] This invention includes the plasma-CVD equipment suitable for enforcing the describing [ above ] 
plasma-CVD method. That is, the plasma-CVD equipment of this invention includes the following two 
modes. Namely, a material gas supply means to supply the material gas for deposition film formation in the 
reaction container which the 1 st equipment mode can decompress, and this reaction container. It has the 
cathode electrode and VHP band RF generator which were prepared so that the cylindrical base arranged on 
the pivotable base maintenance means allotted in said reaction container and said base maintenance means 
might be surrounded. The high-frequency power generated in said VHP band RF generator is supplied to 
said cathode electrode through a RF electric power supply means. It is plasma-CVD equipment which is 
made to generate the plasma between said cylindrical bases and said cathode electrodes, and forms the 
deposition film in it on said cylindrical base front face. Said cathode electrode It is characterized by each 
cathode electrode electrically divided and this divided into plurality about the shaft orientations of said 
cylindrical base being alike, respectively, and supplying the ultrashort-wave energy of the range of 60MHz - 
300MHz frequency through said RF electric power supply means. 

[0012] A material gas supply means to supply the material gas for deposition film formation in the reaction 
container which the 2nd equipment mode can decompress, and this reaction container. It has the cathode 
electrode and VHF band RF generator which were prepared so that the cylindrical base arranged on the base 
maintenance means allotted in said reaction container and said base maintenance means might be 
surrounded. The high-frequency power generated in said VHF band RF generator is supplied to said cathode 
electrode through a RF electric power supply means. It is plasma-CVD equipment which is made to 
generate the plasma between said cylindrical bases and said cathode electrodes, and forms the deposition 
film in it on said cylindrical base front face. Said cathode electrode It has two or more nodes which each of 
each cathode electrode electrically divided and this divided into plurality about the shaft orientations of said 
cylindrical base connects independently to a RF electric power supply means electrically. It is characterized 
by supplying the ultrashort-wave energy of the range of 60MHz - 300MHz frequency to each cathode 
electrode through the node of these plurality. 

[0013] According to this invention, thickness and membraneous quality can stabilize for it and form the 
deposition film of very uniform high quality by the high rate of sedimentation also about the shaft 
orientations of this cylindrical base, and which direction of a hoop direction on the front face of a cylindrical 
base. When increasing the frequency about the high-frequency power generally used for membrane 
formation, loss of the RF energy concemed increases with the increase, but in spite of using the ultrashort- 
wave energy of a quite large frequency domain in this invention, there is very little such energy loss, and 
since material gas is decomposed efficiently and the desired plasma occurs, it can form the desired 
deposition film at high speed. 

[0014] this invention persons solved the problem in the conventional VHF plasma-CVD technique 
mentioned above, and conducted the experiment which lower-** that the purpose of this invention 
mentioned above should be attained. This invention is completed based on the knowledge which was 
acquired through this experiment and which is mentioned later. 

[001 5] (Experiment -1) It experimented based on the technique indicated by the reference 2 (JP,3-64466,A) 
mentioned above. That is, the electrophotography photo conductor which uses two or more amorphous 
silicon film as a sensitization layer using the RF generator of various frequencies was produced. It observed 
about the effect the frequency of an RF generator affects the nonuniformity of the thickness of the 
deposition film, and a membrane formation rate in production of each electrophotography photo conductor. 
Moreover, it observed about the property of the obtained electrophotography photo conductor. Each 
electrophotography photo conductor shared and produced the PURAZU CVD system shown in drawing 1 . 
In drawing 1 , 100 shows a reaction container. The reaction container 100 consists of insulating member 
102B of the shape of insulating member 102 A of the shape of a cylinder allotted on the base plate 101 and 
this base plate 101, the cathode electrode [ being cylindrical (the bore of 208mm, die length of 400mm) ] 
103, and a cylinder. 1 15 is the top cover of the reaction container 100. 105 A is a base electrode holder and 
this base electrode holder has heater stanchion 105 A* inside. 105 A" — heater stanchion 105 A* — it is the 
attached heater for base heating. 106 is the cylindrical base arranged on base electrode-holder 105 A. 105B is 
the auxiliary attachment component of the cylindrical base 106. Base electrode-holder 105 A equips the 
interior with the rolling mechanism (not shown) connected with the motor side, and it enables it to rotate it 
as occasion demands. 107 is the exhaust pipe equipped with the exhaust air bulb, and this exhaust pipe is 
open for free passage to exhauster style 107' equipped with the vacuum pump. 108 is the material gas supply 
system which consisted of a chemical cylinder, a mass flow controller, a bulb, etc. The material gas supply 
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system 108 has connected with the gas-evolution pipe 116 equipped with two or more gas-evolution holes 
through the gas supply pipe 117. Material gas is supplied in a reaction container throu^ two or more gas- 
evolution holes of the gas-evolution pipe 116. lllisanRF generator. The high-frequency power from RF 
generator 1 1 1 is supplied to the cathode electrode 103 through the RF electric power supply line 118 and a 
matching circuit 109, 104 is a shielding wall. 

[0016] In this experiment, 18 cylindrical bases with the diameter of 108mm, a die length [ of 358mm ], and 
a thickness of 5mm made from aluminum were prepared. The plasma-CVD equipment shown in drawing 1 
was used, the charge impregnation blocking layer, the photoconduction layer, and the surface protective 
layer were formed in this sequence on each base made from aluminum by the conditions shown in the 1st 
table and the 2nd table, and the photo conductor for electrophotography was produced. 18 
electrophotography photo conductors (sample No. la, 2b, 3a, 3b, 4a, 4b, 5a, 5b, 6a, 6b, 7a, 7b, 8a, 8b, 9a, 9b 
and 10a) were produced by this technique. What attached the notation of "a" rotates a cylindrical base in 
these electrophotography photo conductor sample at the time of membrane formation, and what attached the 
notation of "b" does not rotate a cylindrical base at the time of membrane formation. After having arranged 
the cylindrical base 106 made from aluminum on base electrode-holder 105 A, exhauster style 107* was 
operated, the inside of the reaction container 100 was exhausted, and the inside of the reaction container 100 
was adjusted to the pressure of lxlO-6Torr. Subsequently, it energized to heater 105" and heating 
maintenance of the cylindrical base 106 was carried out at the temperature of 250 degrees C. Subsequently, 
the charge impregnation blocking layer was formed on the conditions shown in the column of the charge 
impregnation blocking layer of the 1st table. That is, the gas supply pipe 117 and the gas-evolution pipe 116 
are minded from the material gas supply means 108, and it is SiH4. Gas and H2 Gas, NO gas, and B-2 H6 
Gas was introduced in the reaction container by 500sccm, lOsccm, lOsccm, and the flow rate of 2000 ppm, 
respectively, and the inside of this reaction container was adjusted to the pressure of 50mTorr(s) or 
500mTorr(s). In such a place, the frequency of 13.56MHz thru/or the 350MHz RF shown in the 2nd table by 
RF generator 1 1 1 was generated, and this RF was supplied to the cathode electrode 103 through the RF 
electric power supply line 118 and the matching circuit 109. The RF generator of ****** was used so that 
the frequency of the range mentioned above as RF generator 1 1 1 here might be given. The matching circuit 
109 was suitably adjusted according to the frequency of the RF generator concerned. In the space 
surrounded with the cylindrical base 106 and the catihode electrode 103 in this way, it was excited by RF 
energy, and decomposed and the above-mentioned material gas was formed on the cylindrical base 106 by 
the thickness whose amorphous silicon film (a-Si:H:N:0:B film) as a charge impregnation blocking layer is 
about 1 micrometer. Subsequently, the photoconduction layer which consists of a-Si:H film of about 25- 
micrometer thickness on the conditions shown in the column of the photoconduction layer of the 1st table by 
the same technique was formed, the surface protective layer which consists of a-SiC:H film of about 1- 
micrometer thickness on the conditions succeedingly shown in the colunm of the surface protective layer of 
the 1st table was formed, and the electrophotography photo conductor was produced. The above-mentioned 
membrane formation actuation changed and performed a frequency and reaction container internal pressure 
at the time of membrane formation repeatedly corresponding to each electrophotography photo conductor 
sample, as shown in the 2nd table. Moreover, the rolling mechanism was operated in production of the 
sample which attached the sign "a", and the cylindrical base was rotated. Rotation of a cylindrical base was 
not performed in production of the sample which attached the sign "b." 

[001 7] Moreover, two samples were produced about each of sample 2a, 2b, and 3a, 3b, 4a, 4b, 5a, 5b, 6a, 
6b, 7a, 7b, 8a, 8b, 9a and 9b, One side of these samples was used for evaluation of thickness distribution, 
and other samples were used for evaluation of electrophotographic properties. 
[0018] In membrane formation of sample la which used the frequency of 13.56MHz, at the time of 
membrane formation of SOmTorr, discharge occurred intermittently and membrane formation was not able 
to be performed by the pressure. In the case of sample 2a and 2b, membranes were formed by setting a 
pressure to 500mTorr(s) from such a thing at the time of membrane formation. About sample 2a, 2b, or 
Samples 9a and 9b, membrane formation was made on the conditions shown in the 1st table. In membrane 
formation of sample 10a, it was the same as that of the case of sample la, discharge occurred intermittently, 
and membrane formation was not able to be performed. About each of sample 2a, 2b, or Samples 9a and 9b, 
thickness was measured using the eddy current type thickness gage (made in a Kett science laboratory) 
about 100 intersections at the time of drawing a line every 33mm to the shaft orientations of a base 106, and 
drawing a line every 32mm to a hoop direction, and the distribution condition of ****** was evaluated. 
Evaluation of the distribution condition of thickness was performed as follows here. That is, about thickness 
distribution of shaft orientations, the difference of the maximum of thickness and the minimum value in ten 
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point of measurement of shaft-orientations 1 train was searched for, this difference was broken by the 
average thickness value often places, and the thickness distribution per train {(maximum-minimum value) 
the /average} was searched for. Subsequently, the thickness distribution per train was similarly searched for 
about other nine trains, the average of thickness distribution of ten acquired trains was computed, and this 
W21S shown in the 3rd table by the percentage as thickness distribution (namely, thickness nonuniformity) of 
shaft orientations. About thickness distribution of a hoop direction, the difference of the maximum of 
thickness and the minimum value in ten point of measurement of the hoop direction of one line was 
searched for, this difference was broken by the average thickness value of ten places, and the thickness 
distribution per line {(maximum-minimum value) the /average} was searched for. Subsequently, the 
thickness distribution per line was similarly searched for about other nine lines. It is thickness distribution 
(that is, the percentage showed as thickness.) of a hoop direction about the average of the acquired thickness 
distribution often lines. It did not compute about that to which the value of thickness distribution exceeds 
20% about a membrane formation rate. About 20% or less of thing, it computed based on the thickness in 
100 places, and the value of thickness distribution (thickness nonuniformity) made the average of the 
acquired value the membrane formation rate, and showed it in the 3rd table. Furthermore, about sample 2a, 
2b, or Samples 9a and 9b, these samples were carried in the electrophotography reproducing unit (what 
converted NP6060 by Canon, Inc. into the experiment), and it evaluated about electrification ability and the 
image obtained. The obtained result is shown in the 3rd table. Evaluation about each evaluation criteria in 
this case was performed on the following criteria. 

[0019] Electrification ability evaluation: The sample was carried in the electrophotography reproducing unit, 
the electrical potential difference of +6kV was impressed to the electrification machine, corona electrical 
charging was performed, and the umbra surface potential on the firont face of a sample was measured with 
the surface potential meter. Like the case of evaluation of the thickness distribution mentioned above, the 
measurement in this case was obtained by carrying out about a total of 100 places, calculated the average 
from the measurement result, and evaluated the value which is most separated from this average by the 
following criteria. 

O It is less than [ : 1 OV ] and is the homogeneity which was very excellent. 

: It is less than [ 20V ] and is good homogeneity. 

**: Practically with [ it is less than / 30V / and ] no problem. 

x: It is the case where 30V are exceeded, and it is inadequate, when it is inferior to homogeneity and uses 
for a high-speed reproducing unit. 

[0020] Image evaluation: The manuscript (halftone test chart FY 9-9042 by Canon, Inc.) of a whole surface 
halftone was put on the manuscript base, image formation was performed, and the image sample was 
obtained and was evaluated by the following valuation bases about the obtained image. 
O : it is the image which does not have concentration unevenness and was excellent. 
: Concentration unevenness is the good image of a certain thing slightly. 

**: It is the image which ** concentration unevenness to adoption of a certain thing at the whole, 
x: Concentration unevenness is the image which does not ** to adoption remarkably. 
[0021] The following things became clear from the above experiment. Namely, although it will become 
large depending on a frequency if the thickness nonuniformity of shaft orientations makes a power line 
period larger than 40MHz when membranes are formed by rotating the (i) base When membranes are 
formed without rotating; (ii) base pressed down small, without the thickness nonuniformity of a hoop 
direction being dependent on a power line period. If a power line period is made larger than 40MHz also 
with the thickness nonuniformity of shaft orientations, and the thickness nonuniformity of a hoop direction, 
depending on a frequency, it will become large.; (iii) Irrespective of whether a base is rotated or not, the 
image property of the photo conductor for electrophotography which will be obtained if a power line period 
exceeds 40MHz gets worse. 

[0022] (Experiment -2) Even if this experiment was the case where the frequency of the high-frequency 
power to be used was made into size rather than 40MHz in view of the result obtained in the experiment - 1 , 
thickness unevenness did not arise on the deposition film formed, but it was conducted in the viewpoint 
which discerns possibility that the photo conductor for electrophotography which consists of this deposition 
film will become a thing satisfying about electrification ability and a copy image. In this experiment, the 
contact of the RF electric power supply line and cathode electrode which supply high-frequency power to a 
cathode electrode in the plasma-CVD equipment used in the experiment -1 was made into plurality, and 
membranes were formed using the plasma-CVD equipment changed so that power might be supplied to a 
cathode electrode from these two or more contacts. The plasma-CVD equipment used in this experiment is 
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the thing of a configuration of being shown in drawing 2 . The high periphery electric power supply line 1 1 8 
which supplies the high-frequency power which the plasma-CVD equipment shown in drawing 2 generated 
in RF generator 1 1 8 to the cathode electrode 103 has branched to two, 11 8A and 1 1 8a, by the cathode 
electrode 103 side rather than the matching circuit 109. Except that power was supplied to the cathode 
electrode 103 from two places, the contact of 1 18A and the cathode electrode 103, and the contact of 1 18a 
and the cathode electrode 103, it is the same configuration as the plasma-CVD equipment shown in drawing 
1 . Explanation is omitted about the same component as the plasma-CVD equipment of drawing 1 . In 
addition, the contact of high periphery electric power supply line 1 1 8 A and the cathode electrode 103 and 
the contact of high periphery electric power supply line 1 18a and the cathode electrode 103 formed the 
cylindrical base 106 in the location which becomes respectively symmetrical as a core. In this experiment, 
the sample was produced on the production conditions of sample 2a produced in the experiment -1, 2b, or 9a 
and 9b, and the same conditions, Samples 12a and 12b thru/or 19a and 19b were obtained, and the same 
evaluation as experiment -1 was performed about these samples. The obtained result is shown in the 4th 
table. 

[0023] The following facts became clear from the result shown in the 4th table. 
[0024] Namely, the thickness nonuniformity of the hoop direction of a base is supplying power to;(ii) 
cathode electrode pressed down low from two or more nodes by supplying power to (i) cathode electrode 
from two or more points. Although the thickness nonuniformity of shaft orientations is controlled a little 
compared with the case (the 3rd table) where an electric power supply is performed from one point 
Irrespective of whether a base is rotated or not, if a power line period exceeds 40MHz, the thickness 
nonuniformity of shaft orientations will become large depending on a power line period.; (iii) Irrespective of 
whether a base is rotated or not The image property of the electrophotography photo conductor produced 
with the power line period of lOOMHz or more is not enough. 

[0025] (Experiment -3) When the RF generator of the frequency exceeding 40MHz was used in view of the 
result of the above-mentioned experiment -1 and experiment -2, this experiment considered the cause by 
which the nonuniformity of the thickness of the shaft orientations of a cylindrical base became large, this 
invention persons guessed as follows about the cause by which the nonuniformity of the thickness of the 
shaft orientations of a cylindrical base becomes large, in the plasma-CVD equipment used by each of 
experiment -1 and experiment -2. That is, the high-frequency power supplied to a cathode electrode from an 
RF generator is the so-called skin effect (skin effect). Since it is supplied through a thin part from ** and a 
cathode electrode surface, it is supplied only through the part near the cathode electrode, and does not pass 
along a deep part from the front face of a cathode electrode. And when the frequency of an RF generator 
becomes large, the skin effect becomes remarkable and high-frequency power passes only along the very 
thin part of**** in an electrode surface. In this case, resistance of a cathode electrode becomes large and it 
propagation-comes to be hard of high-frequency power fiirther. This point is conmion knowledge in the 
technical field concerned. In the plasma-CVD equipment used in the experiment -1 and the experiment -2, 
power is supplied to the inner circumference section along the front face of this electrode from the periphery 
section of the cylindrical cathode electrode 103 to which the RF electric power supply line 118 was 
connected. And when the high-frequency power supplied has a large frequency, before it arrives at the inner 
circumference center section of the cylindrical cathode electrode 103 which meets the cylindrical base 106, 
this power will be used as discharge occurrence energy near the upper limit section of the cylindrical base 
106, or the lower limit section. Therefore, a difference arises in a plasma consistency and it is thought in the 
core near the both ends of a cylindrical base that the difference of the plasma consistency causes thickness 
nonuniformity of shaft orientations. So, in this experiment, the plasma consistency of the discharge space 
surrounded with the cylindrical base 106 and the cylindrical cathode electrode 103 was measured in various 
locations using the plasma-CVD equipment shown in the plasma-CVD equipment of drawing 1 at drawing 3 
which arranged the probe 130 for plasma density measurement. In drawing 3 , 131 is a seal flange. 130 is a 
probe and is designed movable in the vertical direction. The single probe method is used for a plasma 
consistency (electron density Ne), and it is the thermal diffusion electron current leO and electron 
temperature Te. It asked and computed by the degree type. S in the following formula shows the surface 
area of a probe. 
[0026] 

In the 1/2 Ne =3.73x101 IxIeO/S/Te experiment, the effect which a frequency has on a plasma consistency 
was considered using the frequency of 40MHz, and the 1 OOMHz RF generator. The photoconduction layer 
specifically shown in the 1st table on the same conditions as sample 3a (frequency of 40MHz) and sample 
5a (frequency of 1 OOMHz) in experiment -1 was formed, the probe 130 was moved up and down between 
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these photoconduction stratification, and the plasma consistency of the discharge space surrounded with the 
cylindrical base 106 and the cathode electrode 103 was measured. The relation between the location of a 
probe and a plasma consistency is plotted and shown in drawing 4 and drawing 5 . In drawing 4 and drawing 
5 , one half of the locations of height of the cyHndrical base 106 with a height of 358mm are made into zero 
on the basis of base electrode-holder 105 A, rather than this, the upper part is added and the lower part is 
made minus. When an RF generator with a frequency of 40MHz is used so that clearly from drawing 4 , it 
turns out that it migrates to the range of 358mm or more in which the cyHndrical base 106 was arranged, and 
the comparatively uniform plasma consistency is obtained. On the other hand, it turns out that the plasma 
consistency is large as the remarkable difference has arisen in the plasma consistency, the plasma 
consistency is the smallest near the location (namely, location of zero) of the height 1/2 of the cylindrical 
base 106 and it goes to a base edge by within the limits which is 358mm on which the cylindrical base 106 
was arranged, when an RF generator with a frequency of lOOMHz is used so that clearly from drawing 5 . 
When thickness distribution was investigated by the same technique also in the experiment -1 about each of 
the silicone film on the cylindrical base 106 formed using high-frequency power with an above-mentioned 
frequency of 40MHz, and the silicone film on the cylindrical base formed using high-frequency power with 
an above-mentioned frequency of 1 OOMHz, it depended for the former silicone film on the plasma density 
distribution shown in drawing 4 , and it tumed out that it is thickness distribution of homogeneity 
comparatively. Moreover, it depended for the latter silicone film on the plasma density distribution shown in 
the 5th, and it tumed out that it is thickness distribution of an ununiformity. 

[0027] (Experiment -4) In view of the result of experiment -3, in this experiment, there was little effect of 
the skin effect and the variation in the plasma consistency in the discharge space surrounded with the 
cylindrical base 106 and the cylindrical cathode electrode 103 inquired, using small plasma-CVD equipment 
separately. In this experiment, the plasma-CVD equipment which divides a cathode electrode into the shaft 
orientations of a cylindrical base electrically at plurality, and can supply high-frequency power to each 
divided cathode electrode was produced, and the plasma consistency of the discharge space surrounded with 
the cylindrical base 106 and the cylindrical cathode electrode 103 using this equipment was measured. The 
plasma CVD used in this experiment is the thing of a configuration of being shown in drawing 6 . The 
plasma-CVD equipment shown in drawing 6 converts a part of plasma-CVD equipment shown in drawin g 
3 . A cathode electrode is divided into the shaft orientations of a cylindrical base to three electrically [ 103 A 
(height of 75mm), 103B (height of 230mm), and 103C (height of 75mm) ], and the plasma-CVD equipment 
shown in drawing 6 is constituted. Between cathode electrode 103 A and cathode electrode 103B and 
between cathode electrode 103B and cathode electrode 103C, with a height of 10mm insulating member 
121 A and insulating member 12 IB are allotted. 120 is a RF power distribution unit. 109A, 109B, and 109C 
are matching circuits. The high-frequency power generated in RF generator 1 1 1 is trichotomized by the 
high-frequency power division means 120, and is supphed to the cathode electrodes 109A, 109B, and 109C 
through matching circuits 109 A, 109B, and 109C. Here, power was distributed so that the power supply per 
unit area of a cathode electrode might become almost equal with three cathode electrodes. Other 
configurations are the same as that of the plasma treatment equipment shown in drawing 3 . In this 
experiment, the frequency of 40MHz and the 1 OOMHz RF generator were connected to the plasma treatment 
equipment shown in drawing 6 , the same membrane formation as experiment -3 was performed, and the 
plasma consistency was measured like the experiment -3. In addition, on the occasion of formation of a 
photoconduction layer, 200W were supplied to the cathode electrodes 103 A and 103C, respectively, and 
600W were supplied to cathode electrode 103B. The relation between the location of a probe and a plasma 
consistency is plotted and shown in drawing 7 and drawing 8 . Even if it is in any at the time of using an RF 
generator with a frequency of 1 OOMHz when an RF generator with a frequency of 40MHz is used and so 
that clearly from drawing 7 and drawing 8 , it migrates to the range of 358mm or more in which the 
cylindrical base 106 was arranged, and it turns out that a plasma consistency is almost uniform. However, 
about the value of a plasma consistency, it tums out on the frequency of 40MHz, and the frequency of 
1 OOMHz that the way at the time of using the frequency of 1 OOMHz is large. The following things became 
clear from the above thing. That is, even if it is the case where the frequency of an RF generator is set to 
1 OOMHz, the plasma consistency about these shaft orientations can be equalized by dividing a cathode 
electrode into the shaft orientations of a cylindrical base at plurality. 

[0028] (Experiment -5) In view of the result of the above-mentioned experiment -4, the plasma-CVD 
equipment which divided the cathode electrode into the shaft orientations of a cylindrical base at plurality 
was used, the electrophotography photo conductor was produced and the property was investigated about 
the obtained electrophotography photo conductor. In this experiment, the plasma-CVD equipment shown in 

http ://www4. ipdl . ncipi . go . jp/cgi-bin/tran_web cgi ej j e 8/1 4/2006 



JP,06-342764,A [DETAILED DESCRIPTION] 



Page 8 of 19 



drawing 9 was used. The plasma treatment equipment shown in drawing 9 removes the probe 130 and the 
seal flange 131 for plasma density measurement from the plasma treatment equipment shown in drawing 6 . 
In this experiment, the RF power distribution imit 120 trichotomized the high-frequency power which 
generated them in RF generator 1 1 1 while changing various frequencies of the RF generator linked to the 
plasma treatment equipment shown in drawing 9 , and membranes were formed by supplying the cathode 
electrodes 109 A, 109B, and 109C through matching circuits 109A, 109B, and 109C. The 
electrophotography photo conductor sample was specifically produced on the production conditions of 
sample 2a produced in the experiment -1, 2b, or 9a and 9b, and the same conditions, and Samples 22a and 
22b thru/or 29a and 29b were obtained. In addition, the membrane formation conditions except having used 
the RF generator with a frequency of 350MHz were made the same as that of other samples, and 30b was 
obtained as what did not rotate 30a and a base as what rotated the base. The evaluation same about these 
samples as experiment -1 was performed. The obtained result is collectively shown in the 5th table. In 
addition, in membrane formation of the samples 30a and 30b which used the RF generator with a frequency 
of 350MHz, membrane formation by which abnormality discharge was arisen and stabilized sometimes 
could not be performed. 

[0029] The following things became clear from the result shown in the 5th table. Namely, when (i) cathode 
electrode is divided into the shaft orientations of a cylindrical base at plurality and membranes are formed 
by supplying power to each of the this divided cathode electrode, even if it is the case where an RF 
generator with a frequency of 60MHz or more is used When membranes are formed rotating the;(ii) 
cylindrical base which can stop the thickness nonuniformity of the shaft orientations of a cylindrical base 
low and a with a 60MHz or more frequency [ 300MHz or less ] RF generator is used, at the big membrane 
formation rate of 40 micrometers or more The deposition film excellent in electrophotographic properties 
can be formed.; (iii) When membranes were formed rotating a cylindrical base and an RF generator with a 
frequency of 200MHz is used, a membrane formation rate serves as max. ftirthermore, when membranes 
were formed without rotating the;(iv) cylindrical base with which thickness nonuniformity also becomes 
large with a membrane formation rate falling if a frequency is raised and an RF generator with a frequency 
of 60MHz or more is used Thickness nonuniformity of the hoop direction of a cylindrical base will not be 
able to become big, and caimot form the deposition film excellent in electrophotographic properties, 
[0030] (Experiment -6) Although it became clear that the deposition film excellent in electrophotographic 
properties could be formed by forming membranes, using an RF generator with a frequency of 60MHz or 
more, and rotating a cylindrical base from the above-mentioned experiment -5, this experiment examined 
whether formation of the deposition film excellent in electrophotographic properties would be possible, even 
if it was the case where a cylindrical base was not rotated. In this experiment, when power to the cathode 
electrode obtained in the above-mentioned experiment -2 was supplied from two or more points, while 
dividing the cathode electrode into the shaft orientations of a cylindrical base at plurality in view of 
knowledge that the thickness nonuniformity of the hoop direction of a cylindrical base is stopped low, 
membranes were formed by producing the plasma treatment equipment which supplies power to each of the 
this divided cathode electrode from two or more points. The plasma treatment equipment used in this 
experiment is the thing of a configuration of being shown in drawing 10 , and this equipment converts a part 
of equipment shown in drawing 9 . The plasma treatment equipment shown in drawing 10 Matching circuits 
109A and 109B, From 109C, the cathode electrodes 109A, 109B, and 109C each RF electric power supply 
line 1 1 8 A which supplies power, It is the same configuration as the equipment shown in drawing 9 except 
branching 1 1 8B and 1 1 8C to 1 1 8 A, 1 1 8a, 1 1 8B, 11 8b, 1 1 8C, and 1 1 8c, respectively, and having enabled it 
to supply power to each cathode electrode from two points. In addition, the contact of RF electric power 
supply line 1 18A and cathode electrode 103 A and the contact of RF electric power supply line 1 18a and 
cathode electrode 103 A formed the cylindrical base 106 in the location which becomes symmetrical as a 
core. It was presupposed that it is the same as that of this about other electric power supply lines and other 
cathode electrodes. In this experiment, the plasma treatment equipment shown in drawing 10 was used, the 
electrophotography photo conductor sample was produced on the production conditions of sample 2a 
produced in the experiment -1, 2b, or 9a and 9b, and the same conditions, and Samples 32a and 32b thru/or 
39a and 39b were obtained. In addition, the membrane formation conditions except having used the RF 
generator with a frequency of 350MHz were made the same as that of other samples, and 40b was obtained 
as what did not rotate 40a and a base as what rotated the base. The evaluation same about these samples as 
experiment -1 was performed. The obtained result is collectively shown in the 6th table. 
[0031] The following things became clear from the result shown in the 6th table. Namely, while dividing (i) 
cathode electrode into the shaft orientations of a cylindrical base at plurality By forming membranes, 
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supplying power to each of the divided this cathode electrode from two or more points Even if it is the case 
where; (ii) base which can stop the thickness nonuniformity of the hoop direction of a cylindrical base low 
even if it is the case where a cylindrical base is not rotated is not rotated, by using a with a 60MHz or more 
frequency [ 300MHz or less ] RF generator The deposition film which is 40 micrometers or more in big 
membrane formation rate, and was excellent in electrophotographic properties can be formed.; (iii) If a 
frequency exceeds 300MHz, the thickness nonuniformity of shaft orientations will increase. When the 
electrophotographic properties of the electrophotography photo conductor which may be followed on it 
examine the field of a frequency from a viewpoint of worsening; (iV) membrane formation rate and 
electrophotographic properties, the range of lOOMHz - 250MHz of desirable frequency domains is lOOMHz 

- 200MHz the optimal. 

[0032] (Experiment -7) When the cathode electrode was divided into the shaft orientations of a cylindrical 
base at plurality and membranes were formed by supplying power to each of the this divided cathode 
electrode from above-mentioned experiment -4 thru/or above-mentioned experiment -6, even if it was the 
case where an RF generator with a frequency of 60MHz or more was used, the thickness nonuniformity of 
the shaft orientations of a cylindrical base could be stopped low, and it was checked that the deposition film 
excellent in electrophotographic properties can be formed at a high membrane formation rate. This 
experiment examined how dividing, although a cathode electrode is divided would be desirable. In this 
experiment, using the RF generator with a frequency of 13.56MHz currently generally used first, when the 
power source of this frequency was used, it examined whether a plasma consistency with a cathode 
electrode uniform between a cylindrical base and a cathode electrode to what kind of die length would be 
obtained. [ many ] The plasma treatment equipment for plasma density measurement specifically shown in 
drawing 3 was changed into the equipment corresponding to the following two cases, and the plasma 
consistency of the field surrounded with the cylindrical base 106 and the cathode electrode 103 was 
measured. 

(1) die length — 800 — mm — a bore — 208 — mm — a cathode — an electrode — 103 ~ and — die length — 
800 — mm — a diameter — 108 — mm — aluminum ~ make — cylindrical ~ a base — using — a case — ; ~ and 

— (— two — ) — die length — 1000 — mm ~ a bore ~ 208 — mm — a cathode ~ an electrode — 103 — and — 
die length — 1000 — mm — a diameter — 108 — mm — aluminxun — make — cylindrical ~ a base ~ using — a 
case . 

[0033] About the above (1) and each in (2), except having used the RF generator with a frequency of 
13.56MHz and having used the probe for plasma density measurement corresponding to the cathode 
electrode and cylindrical base of the above-mentioned magnitude, as the experiment -3 described, the 
plasma consistency about the shaft orientations of a cylindrical base was measured. The result which was 
obtained in the result which was obtained in the above (1) drawing 1 1 and in the above (2) is graph-ized to 
drawing 12 , respectively, and is shown in it. The following thing became clear from the result shown in 
drawing 1 1 and drawing 12 . That is, the die length of a cathode electrode goes over 800mm throughout the 
longitudinal direction of this cathode electrode, if the die length of a cathode electrode is set to 1 OOOmm to 
the uniform plasma consistency being obtained, near the center section of the electrode, a plasma 
consistency becomes low and the uniform plasma consistency is not obtained. Then, the following 
considerations were performed on the basis of die length of 800mm of a cathode electrode. 
[0034] An inductance L is shown by the degree type when a cathode electrode is a cylindrical electrode of a 
radius a and die-length 1. 

L=mu 0 / 2pix [{l+(a2+12) 1 / 2} / l-ln[a]- {(a2+12) l/2}-a] 
(Here, mu 0 is space permeability) 

It asked for the impedance Z of each frequency to cathode electrode length (Z=omegaL) about the cathode 
electrode whose diameter is 208mm using this formula. The ratio of the impedance at the time of changing a 
frequency and cathode length, having used the impedance in the case of the frequency of 13.56MHz and 
800nmi of cathode electrode length as 1 .0 is graph-ized, and it is shown in drawing 13 . It tumed out that it 
is the following case that the ratio of an impedance becomes 1 .0 or less from drawing 13 . 
[0035] 

Frequency 0. 1 4m or less of : with a 0. 1 7m or less frequency [ of : with a 0.25m or less frequency / of : with 
a 0.33m or less frequency / of 60MHz : electrode length / of lOOMHz electrode length / of 200MHz 
electrode length ] of 300MHz electrode length [0036] Therefore, according to the frequency of the RF 
generator to be used, it became clear the die length of the divided cathode electrode that the plasma with a 
uniform plasma consistency could be formed between the above-mentioned range, then a cylindrical base 
and a cathode electrode. 
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[0037] This invention results in completion through the result of the above-mentioned experiment -1 thru/or 
experiment -6. This invention includes the plasma-CVD equipment suitable for enforcing a VHF plasma- 
CVD method and this plasma-CVD method. The VHF plasma-CVD method of this invention includes the 
following two modes. Namely, the 1st approach mode of this invention supplies the material gas for 
deposition film formation in the reaction container under reduced pressure. The high-frequency power 
\yhich the cathode electrode prepared in the perimeter of the pivotable cylindrical base arranged in said 
reaction container was made to generate in a VHF band RF generator is supplied through a RF electric 
power supply means. It is the VHF plasma-CVD method which is made to generate the plasma between said 
cylindrical bases and said cathode electrodes, and forms the deposition film in it on said cylindrical base 
front face. Said cathode electrode It is electrically divided into plurality about the shaft orientations of said 
cylindrical base. It is characterized by the divided this cathode electrode being alike, respectively, and 
supplying the ultrashort- wave energy of the range of 60MHz - 300MHz frequency through said RF electric 
power supply means, making the plasma occur and forming the deposition film on said cylindrical base in 
said reaction container. 

[0038] The 2nd approach mode of this invention supplies the material gas for deposition film formation in 
the reaction container under reduced pressure. The high-frequency power which the cathode electrode 
prepared in the perimeter of the pivotable cylindrical base arranged in said reaction container was made to 
generate in a VHF band RF generator is supplied through a RF electric power supply means. It is the VHF 
plasma-CVD method which is made to generate the plasma between said cylindrical bases and said cathode 
electrodes, and forms the deposition film in it on said cylindrical base front face. Said cathode electrode It 
has two or more nodes which each of the cathode electrode which is electrically divided into plurality about 
the shaft orientations of said cylindrical base, and was this divided connects independently to a RF electric 
power supply means. It is characterized by supplying the ultrashort-wave energy of the range of 60MHz - 
300MHz frequency through the node of these plurality, making the plasma occur and forming the deposition 
film on said cylindrical base in said reaction container. The plasma-CVD equipment of this invention 
includes the following two modes. Namely, a material gas supply means to supply the material gas for 
deposition film formation in the reaction container which the 1 st equipment mode can decompress, and this 
reaction container, It has the cathode electrode and VHF band RF generator which were prepared so that the 
cylindrical base arranged on the pivotable base maintenance means allotted in said reaction container and 
said base maintenance means might be surrounded. The high-frequency power generated in said VHF band 
RF generator is supplied to said cathode electrode through a RF electric power supply means. It is plasma- 
CVD equipment which is made to generate the plasma between said cylindrical bases and said cathode 
electrodes, and forms the deposition film in it on said cylindrical base front face. Said cathode electrode It is 
characterized by each cathode electrode electrically divided and this divided into plurality about the shaft 
orientations of said cylindrical base being alike, respectively, and supplying the ultrashort-wave energy of 
the range of 60MHz - 300MHz frequency through said RF electric power supply means. 
[0039] A material gas supply means to supply the material gas for deposition film formation in the reaction 
container which the 2nd equipment mode can decompress, and this reaction container, It has the cathode 
electrode and VHF band RF generator which were prepared so that the cylindrical base arranged on the base 
maintenance means allotted in said reaction container and said base maintenance means might be 
surrounded. The high-frequency power generated in said VHF band RF generator is supplied to said cathode 
electrode through a RF electric power supply means. It is plasma-CVD equipment which is made to 
generate the plasma between said cylindrical bases and said cathode electrodes, and forms the deposition 
film in it on said cylindrical base front face. Said cathode electrode It has two or more nodes which each of 
each cathode electrode electrically divided and this divided into plurality about the shaft orientations of said 
cylindrical base connects independently to a RF electric power supply means electrically. It is cheiracterized 
by supplying the ultrashort-wave energy of the range of 60MHz - 300MHz frequency to each cathode 
electrode through the node of these plurality. 

[0040] On the front face of a cylindrical base, also about the shaft orientations of this cylindrical base, and 
which direction of a hoop direction, thickness is very uniform, and, according to the plasma-CVD method 
and plasma-CVD equipment of this invention of a configuration of having mentioned above, membraneous 
quality can stabilize for it and form the quality deposition film. And it is stabilized and the deposition film 
excellent in especially electrophotographic properties can be formed. Furthermore, loss of the high- 
frequency power accompanying the increment in a frequency of an RF generator is prevented, and since the 
plasma may be occurred efficiently, the deposition film can be formed at high speed. 

[0041] Hereafter, this invention is explain^, referring to a drawing. The plasma-CVD equipment shown in 
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drawing 9 is a thing of this invention equipment which shows one example [ like ] the 1st voice. The 
plasma-CVD equipment shown in drawing 9 is constituted as follows. In drawing 9 , 100 shows a reaction 
container. The reaction container 100 consists of a base plate 101, insulating member 102 A and cathode 
electrode 103C, insulating member 121B, cathode electrode 103B, insulating member 121 A, cathode 
electrode 103 A, insulating member 102B, and a top cover 115. 105 A is a base electrode holder and this base 
electrode holder has heater stanchion 105 A' inside. 105 A" is the heater for base heating attached in heater 
stanchion 105 A'. 106 is the cylindrical base arranged on base electrode-holder 105 A. 105B is the auxiliary 
attachment component of the cylindrical base 106. Base electrode-holder 105 A equips the low section with 
the rolling mechanism (not shown) connected with the motor side, and it enables it to rotate it as occasion 
demands. 107 is the exhaust pipe equipped with the exhaust air bulb, and this exhaust pipe is open for free 
passage to exhauster style 107' equipped with the vacuum pump. 108 is the material gas supply system 
which consisted of a chemical cylinder, a mass flow controller, a bulb, etc. The material gas supply system 
108 has connected with the gas-evolution pipe 116 equipped with two or more gas-evolution holes through 
the gas supply pipe 117. Material gas is supplied in a reaction container through two or more gas-evolution 
holes of the gas-evolution pipe 116. Ill isanRF generator and the high-frequency power generated here is 
supplied to the cathode electrode 103 through the RF electric power supply line 1 1 8 and a matching circuit 
109. In the plasma-CVD equipment shown in drawing 9 , a cathode electrode is divided into the shaft 
orientations of a cylindrical base electrically [ 103A, 103B, and 103C ] to three, and is constituted. The 
high-frequency power generated in RF generator 1 1 1 is trichotomized by the high-frequency power division 
means 120, and is supplied to the cathode electrodes 109A, 109B, and 109C through matching circuits 
109 A, 109B, and 109C. 104 is a shielding wall. 

[0042] In the plasma-CVD equipment of this invention, the division die length which divides a cylindrical 
cathode electrode into plurality electrically changes with the path of a cathode electrode, and frequencies of 
the RF generator to be used. For example, when the bore of an electrode is 208mm, as for the die length of 
the divided cathode, it is desirable for it to be set as 170mm or less on 250mm or less and the frequency of 
200MHz, and to set it to 140mm or less by the frequency of 300MHz with 330mm or less and the frequency 
of 1 OOMHz, on the frequency of 60MHz. Although the division number of an electrode changes with 
magnitude of a cylindrical base, when using a cylindrical base with a bore [ of 208mm ], and a die length of 
358mm, more than trichotomy is desirable [ in 2 or more ****s and the frequency of 1 OOMHz ] on the 
frequency frequency of 60MHz at 2 or more ****s and the frequency of 200MHz more than trichotomy in 
the frequency of 300MHz. It is desirable to consider as the number of partitions beyond the value which 
made the value which broke the overall length of the base on which said cylindrical base was put when two 
or more deposition film was formed in piles by maximum of the die length of the cathode with which the 
**** was divided counting fractions as one and an integral value in the 1st place of decimal point. In the 
plasma-CVD equipment shown in drawing 9 , although a power distribution unit 120 distributes the high- 
frequency power generated in RF generator 111 and a cathode electrode is supplied, as shown in drawing 
14 , it is also possible to form two or more RF generators 1 1 1 A, 1 1 IB, and 1 1 IC, without forming a power 
distribution unit. 

[0043] Drawing 10 shows one example of the 2nd mode of the plasma-CVD equipment of this invention. 
The plasma-CVD equipment shown in drawing 10 Matching circuits 109A and 109B, RF electric power 
supply line 1 18A which supplies power to the cathode electrodes 109 A, 109B, and 109C from 109C, 
respectively. It is the same configuration as the equipment shown in drawing 9 except having constituted 
1 1 8B and 1 1 8C so that 1 1 8A, 1 1 8a, 1 1 8B, 1 1 8b, 1 1 8C, and 1 1 8c might be branched, respectively and power 
might be supplied to each cathode electrode from two points. The sectional view which cut the plasma-CVD 
equipment shown in drawing 10 in the location of X-X is drawing 1 5 . Although the power distribution unit 
was omitted in drawing 15 , after passing through matching circuit 109A, branched electric power supply 
line 1 18A and electric power supply line 1 18a are connected to cathode electrode 103 A by 150A and 150a, 
respectively. As shown in drawing 16 , the node to a cathode electrode can also be made into three points, 
1 50D, 1 50E, and 1 50F, and as shown in drawing 1 7 , it can also be made into four points, 1 50D, 1 50E, 
1 50F, and 1 50G. About the number of nodes, two or more points are desirable and it is desirable to increase 
suitably according to the path of the cathode electrode to be used. As for a node, it is desirable to prepare the 
cathode electrode of each other in the location of point symmetry as a core. 

[0044] The plasma-CVD method of this invention is performed as follows. The example which used the 
plasma-CVD equipment shown in drawing 9 is explained. After setting the cylindrical base 106 to base 
electrode-holder 105 A, exhauster style 107' is operated, the inside of the reaction container 100 is 
exhausted, and the inside of the reaction container 100 is decompressed to a desired pressure. Subsequently, 
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it energizes to heater 105 A" and heating maintenance is carried out at the temperature of a request of a base 
106. Next, material gas is introduced in the reaction container 100 through the gas supply pipe 117 and the 
gas-evolution pipe 116 from the material gas supply system 108, and the inside of this reaction container is 
adjusted to a desired pressure. In such a place, the frequency of 60MHz thru/or a 300MHz RF are generated 
by RF generator 111, the RF power distribution unit 1 20 divides high-frequency power, and the cathode 
electrodes 103 A, 103B, and 103C are supplied through matching circuits 109A, 109B, and 109C, 
respectively. In the space surrounded with the cylindrical base 106 and the cathode electrode in this way, it 
is decomposed by RF energy, and material gas occurs active species, and brings about formation of the 
deposition film on the cylindrical base 106. 

[0045] Although it is desirable about each cathode electrode to make it the electric energy per unit area of an 
electrode become equal as for the power supplied to each cathode electrode divided in this invention, the 
electric energy per unit area can also be changed, although concrete power is employable with any power if 
it is the power which can occur the plasma — desirable — 0.001 W/cm2 - 10 W/cm2 ~ more — desirable — 
0.01 W/cm2 - 5 W/cm2 ** — carrying out is desirable. 

[0046] In this invention, 60MHz - 300MHz, when considering as the range of lOOMHz - 200MHz the 
optimal takes into consideration a membrane formation rate and membraneous quality, it is preferably 
desirable [ the frequency of an RF generator ] lOOMHz - 250MHz more preferably. 

[0047] About the gas faced and used for enforcing the approach of this invention, a well-known object can 
be chosen suitably. For example, if it is the case where the ftmctional deposition film of an a-Si system is 
formed, those mixed gas, such as a silane, a disilane, and a high order silane, will mention as desirable 
material gas, and it is ****. If it is the case where other functional deposition film is formed, material gas or 
those mixed gas, such as germane, methane, and ethylene, will be mentioned, for example. 
[0048] As carrier gas used when supplying material gas using carrier gas, inert gas, such as hydrogen or an 
argon, and helium, is mentioned. 

[0049] Gas fluorine compounds or these mixed gas, such as hydrocarbon gas, such as the gas which contains 
oxygen atoms, such as gas containing nitrogen atoms, such as nitrogen and ammonia, oxygen, nitrogen 
oxide, and dinitrogen oxide, for example as gas for a property improvement of changing the band gap width 
of face of the deposition film, methane, ethane, ethylene, acetylene, and a propane, silicon tetrafluoride, 6 
fluoride 2 silicon, and 4 germanium fluorides, etc. is mentioned. 

[0050] As dopant gas aiming at doping, diboron hexahydride, boron fluoride, a phosphine, phosphorus 
fluoride, etc. are mentioned, for example. 

[0051] the case where the a-Si film is formed although which pressure is sufficient as long as the reaction 
container internal pressure at the time of membrane formation is a pressure by which plasma production is 
made — desirable — 5 or less Torrs — more — desirable — 0.1mTorr(s)- it is desirable to be referred to as 
0.3mTorr(s) - 500mTorr the optimal 3 Ton*. 

[0052] Although it can be set up suitably, when forming the deposition film of an amorphous silicon system, 
as for the base temperature at the time of deposition film formation, it is preferably desirable to consider as 
50 degrees C - 450 degrees C more preferably 20 degrees C - 500 degrees C. 
[0053] 

[Example] This invention is not limited by these examples, although an example is concretely given to 
below and this invention is explained to a detail. 

[0054] (Example 1) Formed membranes under the conditions which used the equipment which connected 
the power source with a frequency of lOOMHz as RF generator 1 1 1 of the equipment shown in drawing 9 , 
and showed it in the 7th table in the same membrane formation procedure also in the experiment -5 
mentioned above, the amorphous silicon film was made to deposit on a base, and the electrophotography 
photo conductor was produced. 

[0055] As a base 106, the cylindrical base with a diameter [ of 108mm ] and a die length of 358mm made 
from aluminum was used. Membrane formation was performed as follows. That is, after setting the ^ 
cylindrical base 106 made from aluminum to base electrode-holder 105 A, the inside of the reaction 
container 1 00 was exhausted using exhauster style 1 07*, and the inside of the reaction container 1 00 was 
adjusted to the pressure of lxlO-6Torr. Subsequently, while rotating the base 106, it energized to heater ] 
105 A" and heating maintenance of the base 106 was carried out at the temperature of 250 degrees C. Next, 
from the material gas supply system 108, gas was introduced in the reaction container through the gas i 
supply pipe 117 and the gas-evolution pipe 1 16 on the conditions shown in the 7th table, and the inside of 
this reaction container was adjusted to the pressure of 50mTorr(s). In such a place, the RF was generated by 
RF generator 111, and as shown in the 7th table, high-frequency power was supplied to each cathode 
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electrode. Thus, the charge impregnation blocking layer and the photoreception layer which subsequently 
consists of a photoconduction layer and a surface protective layer were formed in grand total about 30 
minutes, and the electrophotography photo conductor was produced. This membrane formation actuation 
was repeated and the line obtained five electrophotography photo conductors. It evaluated about 
electrification ability and image concentration like [ each / of the obtained photo conductor ] the experiment 
-1. As for this, any electrophotography photo conductor showed excelling in electrophotographic properties. 
[0056] It replaces with the equipment shown in drawing 9 . A cathode electrode The diameter of 208mm, 
(Example 1 of a comparison) The power of the time of formation of a charge impregnation blocking layer to 
800W is switched on for the equipment of drawing 1 constituted from a simple substance with a die length 
of 400mm from one place using equipment. Except having switched on the power of lOOOW from one place 
at the time of formation of a photoconduction layer, in the example 1, membranes were formed similarly 
and five electrophotography photo conductors were produced. The evaluation same about each obtained 
photo conductor as experiment -1 was performed. Consequently, it turned out that it is not that by which any 
electrophotography photo conductor produces remarkable electrification ability unevenness and image 
unevenness, and practical use is presented with it. 

[0057] (Example 2) Five electrophotography photo conductors were produced like the example 1 except 
having used the equipment which showed the electric power supply through which replaces with the 
equipment shown in drawing 9 , and the cathode electrodes 103 A, 103B, and 103C pass, respectively to 
drawing 10 performed from two nodes, respectively. The evaluation same about each of the obtained photo 
conductor as experiment -1 was performed. Consequently, the result which was excellent in any 
electrophotography photo conductor about all evaluation criteria was shown. As for this, any 
electrophotography photo conductor showed excelling in electrophotographic properties. 
[0058] (Example 3) Five electrophotography photo conductors were produced like the example 2 except not 
rotating the cylindrical base 106. The evaluation same about each of the obtained photo conductor as 
experiment -1 was performed. Consequently, the result which was excellent in any electrophotography 
photo conductor about all evaluation criteria was shown. As for this, any electrophotography photo 
conductor showed excelling in electrophotographic properties. 

[0059] (Example 4) Five electrophotography photo conductors were produced like the example 1 using the 
equipment shown in drawing 18 . The equipment shown in drawing 1 8 differs fi-om the equipment shown in 
drawing 9 in that the cathode electrode is divided into two, 103 A and 103B. Here, the cathode electrodes 
103 A and 103B consisted of a diameter of 208mm, and die length of 195mm, respectively. Five 
electrophotography photo conductors were produced like the example 1 except supplying 500W) for power 
equal to the cathode electrodes 103 A and 103B at the time of 400W and the photoconduction stratification 
at the time of formation of (charge impregnation blocking layer and a surface protective layer. The 
evaluation same about each of the obtained photo conductor as experiment -1 was performed. Consequently, 
the result which was excellent in any electrophotography photo conductor about all evaluation criteria was 
shown. As for this, any electrophotography photo conductor showed excelling in electrophotographic 
properties, 

[0060] (Example 5) Five electrophotography photo conductors were produced like the example 4 using the 
equipment shown in drawing 19 . The equipment shown in drawing 19 differs fi-om the equipment shown in 
drawing 1 8 in that power is supplied to the cathode electrodes 103 A and 103B from two electric power 
supply lines of 18 A, 1 18a, and 1 18B and 1 18b, respectively. Moreover, it is designed so that the contact of 
an electric power supply line and a cathode electrode may come to the location of the symmetry considering 
a base as a core in the location concerned. The evaluation same about each obtained photo conductor as 
experiment -1 was performed. Consequently, the result which was excellent in any electrophotography 
photo conductor about all evaluation criteria was shown. As for this, any electrophotography photo 
conductor showed excelling in electrophotographic properties. 

[0061] (Example 6) Five electrophotography photo conductors were produced like the example 5 except not 
rotating the cylindrical base 106. The evaluation same about each of the obtained photo conductor as 
experiment -1 was performed. Consequently, the result which was excellent in any electrophotography 
photo conductor about all evaluation criteria was shown. As for this, any electrophotography photo 
conductor showed excelling in electrophotographic properties. 

[0062] (Example 7) The electrophotography photo conductor was produced like the example 1 using the 
equipment shown in drawing 20 . The equipment shown in drawing 20 differs from the equipment shown in 
drawing 9 in that the cathode electrode is divided into four, 103 A, 103B, 103C, and 103D, and the cathode 
electrodes 103A, 103B, 103C, and 103D are made into the diameter of 208mm, and die length of 92.5nmi, 
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respectively. Five electrophotography photo conductors were produced like the example 1 except supplying 
power (at the time [ At the time of surface protective layer formation a charge impregnation blocking layer 
and 200 ] of W and the photoconduction stratification 250 W) equal to the cathode electrodes 103 A, 103B, 
103C, and 103D. The evaluation same about each of the obtained photo conductor as experiment -1 was 
performed. Consequently, the result which was excellent in any electrophotography photo conductor about 
all evaluation criteria was shown. As for this, any electrophotography photo conductor showed excelling in 
electrophotographic properties. 

[0063] (Example 8) The electrophotography photo conductor was produced like the example 7 using the 
equipment shown in drawing 21 . The equipment shown in drawing 21 differs from the equipment shown in 
drawing 20 in that power is supplied to the cathode electrodes 103 A, 103B, 103C, and 103D from two 
electric power supply lines (1 8A, 1 1 8a, 1 1 8B, 1 1 8b, 1 1 8C, 1 1 8c, 1 1 8D, and 1 1 8d), respectively, and it is 
constituted so that the contact of an electric power supply line and a cathode electrode may come to the 
location of the symmetry considering a base as a core. The evaluation same about each of the obtained photo 
conductor as experiment -1 was performed. Consequently, the result which was excellent in any 
electrophotography photo conductor about all evaluation criteria was shown. As for this, any 
electrophotography photo conductor showed excelling in electrophotographic properties. 
[0064] (Example 9) Five electrophotography photo conductors were produced like the example 8 except not 
rotating the cylindrical base 106. The evaluation same about each of the obtained photo conductor as 
experiment -1 was performed. Consequently, the result which was excellent in any electrophotography 
photo conductor about all evaluation criteria was shown. As for this, any electrophotography photo 
conductor showed excelling in electrophotographic properties. 
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[0072] 

[Effect of the Invention] On the front face of a cylindrical base, also about the shaft orientations of this 
cylindrical base, and which direction of a hoop direction, thickness is very uniform, and, according to the 
plasma-CVD method and plasma-CVD equipment of this invention, membraneous quality can stabilize for 
it and form the quality deposition film as explained above. And it is stabilized and the deposition film 
excellent in especially electrophotographic properties can be formed. Furthermore, loss of the high- 
frequency power accompanying the increment in a frequency of an RF generator is prevented, and since the 
plasma may be occurred efficiently, the deposition film can be formed at high speed. 
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b, 8a, 8b. 9a. Qb^U^lOa) ^ftMLfCo 

zivhm^^Mm^^i^^n<D^. - a - (ois-^^fi-u/c 

ti(Ofi. fi5cflI^Rf§i4^S<^^lH]^$-fr/ct>c^T-*>»5 , 50 
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^'^^J:^>^tzh<DXh^o A 1 SIRf^^btSfr 1 0 6 

i^Tt^^uy- 10 5 A±(ciag Lfcm. ^iS^^ 1 0 0 
^m^mmio?' ^imi.xmn.v.. sfS^§§ioo 

F^^ 1 X 1 0 ' T o r r (7)/E;^j(Cl^^Lfc:o ov^T% t 
- - 1 0 5" tciim LTRf^t>t^i$: 1 0 6 ^ 2 5 0 1: 

<Dm\c7sk't^t^xm.r^f^Am±m<Dmf&^n^fzo m 

7St>*;tf;^;^m>'^Vy 1 1 6 ^^LT. S i H, 
Hz ;<f;^, NO;«'>^. Bs He :^:^^^tt^*tt. 50 0 
seem, lOseem, lOsccm, 2000pp 
m(7)«Lfl:T*S/C^^f^tC?SAL. lS^;S^^f^^5 Om 
T o r r^fi 5 0 OmT o r r <7)ffi;/:i(Cp^Lyc:o -9 
Lfci:r5T\ mm&mmi l U>iJ:'9^2^tvi.i^i-Jl 
13. 5 6MH z 7!?^ 3 5 OMH z (Di^j^^^ 

^-tt. I^Si^iS^ail»S;^§^^aiSi 1 sRifm^mm 

1 0 9^lffi.X:^y- h^mmi 0 S^CW^L^tZo 

JSJl&mMl 1 1 t LTfi_bi£L/ct5ffl(59jlig^;6^-^;i 

btb§j:9> wx^(D(omm^mM^m\^^rzo M-^mssi 

fco i.xF]m'^mwi 0 6 1:^ y- \'^mmi 0 3x 
m^^fz^mc:}o\^^x. ±t^jwM:^^itmm&^^-yi'^ 

riAPRihS^ LTcor^/U':7r ^-vy (a-S 

i : H : N : O : Bm) 1 /i m COJ^^T^^f^l^Jc ^ 

^\^'xmm(D^'i[^xmim<D^mmmo:>m\^n<'r^ 

T'^ 1 iimm(Oa - S i C : H^;:>^ ^ ^^^i^fiS ^ 

MLn^tZo ^fcW-^- a" ^{i-LycK5|s|.(of^S|{;:*5V> 

x{t\B]^mm^i'^m^'^x . F^Wi^m^^m^^^tzo 

<D^^\-xnt>fj:/)^otZo 

[0 0 1 7] ^fc. ^3i£|.2 a. 2 b. 3 a. 3 b. 4 

a, 4b, 5a, 5b, 6a. 6b, 7a, 7b, 8 

a, 8 b. 9 a. S.t/ 9 b CO-ett^'tttCOl/ ^Tii. 2o 

[0 0 1 81 ilSc^l 3. 5 6MH z^(tfflL/cm^l 
a (D^^Jdiol^rH. 5 0mTo r r (DiSM^JEj/jTMi 

iX>^bM5|Sf2 a&I/2 bcom-a-. ^^B#ffi;/:?<Sr 5 0 Om 
To r r ^ LT^^^rtrofCo ^5|Sf2 a . 2bJbm^m 

9 a. 9 b^col^T{l^l^^ci3^Lyc^ftr•^l^75s/^$ 
mmxi^mf)mm&^\^±^i^f^mi'^rr^fj:^^^rzo ^m- 
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2 a, 2b7bMW^9a, 9 b C0#^ (col>ri:i. Sfls 
2 mm^^ {zm^^\\^^tim'^<D^J^. 1 0 Og^fCOV^T 

?^m«itflii?i+ (Ke t tm^m^mm) ^mmi.xm 

;^r^coBm5^:fi^^:lo^/^Tfi. tt*f^ i ?iJ(7)SiJ^* i o ^ 
{ (ft^il-S/JMil) /^mm ^^ibtzo ov^T'^t!lO 10 

^ib. tm^i omwfo^w-i^mmmxm^ . mhtzy) 
omm'A^ { (*:^ffi-ft>'MS) xw-mm ^^i^btzo 

mw'j^^ m^. mwti.x'^'j^mx^^x.fco fsmmm. 20 

2 0%)^Tcot>c')i-oi/>x*±. 1 0 omWx^^^^i^^W 
m) S^NP 6 0 6 0^^^^(cefejgL/bt 

i¥«JI@^c:ol/^-T:<7:>lfffi^lJ^T^7:>S^T'^To/'Co 30 

[0019] ymt^Piffi : nn^nih^Mm^mmi^^m 

^tmmi,^LX. ft 1 0 o^^^co^^T^1^^\ tt^nr 

^Tt^<Dmmxmm\^tio 

A: 3 0 ll^±Pp1li/^Lo 40 

[0 0 2 0] mikwm : ±my^- y h- i^(owM 

J > h->'5^>^ h^^- hFY9-9 O 

4 2) mmwm^n-Dxmm^>-y'/i- 
^n. nhtitzmm^-o\,^x^T(Dmm&mxmmi. 

@ : m&tshi±^j:<mrirzmitx^^o 
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So 

X : mmtsh^^mi^<um\^mi.^j:\^^mmxh^o 
[0 0 2 1 ] )^±<Dmm^^ . )^T(Dzt^mmi.rzo 
wh. (i) mt^^mm^'txfi^m^notzm^. m^r 
{^(omm-^y nmm.m^w^ 4 omh z xk> h:k^ < -r 

nmmm^mci^^it-r\z.^b^<m^h^^ ; (ii)s^ 

i^m:^^<Dmm^v t tmm.m&^^ 4 omh z j: 19 ^ 
±^ < -r ^ t m&mm^ \^x < ^ m» 

[0 0 2 2] (^gi-2) ^^mm-^mm- ixm^ititi 

Smtc^^T. {£ffli-'5I^J^i^m;^C7)/^^^^4 OMH 

^>^mmRxfm^mmi,cr^\^^xm^<of^< h<r>t^j:^'^ 

mi^^n.mi^^m.^xnofzo ^^m^x^t. m^-ix 

:ht>mi^ ^ti^ X 0 i^c^'w.vtzyy cv omm^m 

i^T^M^tro^^c^ ^mmxm\^^ti':fyX'^CVDmm: 

m2{Cfjk'tmf^<^h(DX^^o ll2(C7j^L/'c:7"^X 

;^?^^;«;y- Kliffii 0 3 (c#^^i-6Sj^m:^^j^«S i i 
8 ;55g^[Hlgg I09<i:«9t>;?7y - K^l^ 10 3 ^ijT 1 1 
8 1 18 a(D2^{Z^mi'X^^ . 1 1 S A t :tf y 
- Km<l 1 0 3 <t (D^MRXJ^ I18at:^y- h^M^ 1 

0 3 t<DmM.<o2mmj:>^:^y- h^mmi o sicm:^?^^ 

Di?^g^(^C^iST'^b^o El l<D:/^X'^CVDi^g<^ 
m:^#^^^^ 1 1 8 A ^ ;^ y - Kmi^ 10 3^ (Dm^^RXJ^ 

mmm:hm'i^^ ii8a^;<7y - Km^ 103^ <d^^ 
ma^mntz. ^mmx^-x. m^-ixi'fmi^fzm.n2 

a. 2b7!;^9a. 9 b cDf^^^{4^ ,1: |^^^C7)^fi|^T'l^i^:f 
(Oj^iJi^^f ^i^l 2 a , 12b;P?Ml9a. 19b 

^irLhnmcr>\^^xmMk- 1 tmm<Dwm^rr-:> 
fzo nhthfz^^^m4mi,^^^i-o 
[0 0 2 3] m4miiC7f:]^tzf^^/)^h)^:xT<Dmmi^^nm 

[0 0 2 4] Buh. ( i ) ^y - h'mm^(om.ti(Dm^ 

y\±iS:<n^hti^ ; (ii);?;y- KmiS--<75m;^(0^^ 
n^m^ (^3^) *ctt:-<rtt;^f^co^J?A7fi^^«i 



( 7 ) 

11 

mmmz{U^l.X±t^ </j:^ ; (iii) £fr^le]fe$it6 

[0 0 2 5 ] (^^-3) ±^(Dmm-i. 
2oyi^^i,zm,^x. 4 OMH z^mx,^m^^(DMmi^ 

hit. m^- iRrjmm-2(D^ti'etixmm\.ti':/'y 

f}\t. mm^&^Wz^iskin effect) ^9 . t/y—v^mM 
m^t^hm^^'^iif^'i\'\^xm^^ti^f^isb. fjy-vm 

m^\^^9fo:>^:^j]:\.x^n^ti. ;(7 y- Kmi^<7)^® 

x^h. iRU'm^- 2 x^m\.f^-f =7:^-^0 V 

%;tf>n5o :iX:^m^X\t. in 1 (7):/vX-eC VD 
^gtcy^X'^^^S^B'JSffiiT):/^-:/! 3 o^iaL/cIgJ 
3(C,i^Lfc:/^X-^CVDi^l^^ffiV^T. Rl^t^Sfl^l 
0 6^ Rff t^:;^ y - l 0 3 T'ffl^H^^m^fHl 

(7):/7X-7^^g^^>!r(oagT'Sij:^L/to lKl3{c:^oV^ 

-/x^^. iLT^[^\^^W)^m^mn^h.x\^^^o -^=7 

[ 0 0 2 6 J 

N. =3. 7 3 X 1 0'* X Uo ^ S^T/" 
:$:^^^^^^V^T^1. /^rS^4 OMH z l O OMH z 

3 a (J^&iC4 OMH z) ^U«^5r4 5 a (/liS^ 1 0 0 
MHz) ^l^1tc7)^f^^r'^l^tC7ji:$4x5*aSm®^Off^ 
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Tl-^ife^-fr. RfSfiKS«^l 0 6 i::!(7y- Kmm 0 3 

r'[i^nfc«rm^r«i<7)y^x^^s^Sfj^Lyc, yu- 

ycofig<l:X7X-?^^Si:CDM»^. HI 4 2&t>'[il 5 tc^ 
p iy h LTTj^-re lll4:Rt/jil5fc:iyi/>-CH, Si^Tt^/i-V 
-lOSA^Sm^LT. fS^ 3 5 8mm£7)Rf^t^Sf^ 
1 0 6(DlX2(7:)i^$coftg^ifa^ rttcttltii 

^(::jiS»4 omh z coK^^SSj^^^ffl Lt^c^ 

^{Zit. Rf^4^S<*:i 0 6:^>ia^ttfc3 5 8mmi^±(7) 
teiatCt>/ioT, ltigeWJ^-/«^7^^X-7^ffi;^iq#bttT 

tC, J^^S^l 0 OMH zC0fi5jl^Sm^^.^^fflUfc#-^(C 

x\ zf9:x^^m^^^ti:KKDm*^^cx:}s^ . mm^m 

7i»^9JcotiT>^^X-7^S(i:^^ < /^oTV^6 :: t 
6o ±fe^&^4 OMH zcr)ii5/^&m;^/£:ffifflLrfl^jS: 

^HtzF]m^mi^i 0 e±<Diy]) z^i^mt. ±mm^&^ 

I 0 OMHz(Dm^&M:h^i^mi^XMf&^ivfzF]W}'^ 

mi^±(oiyu =^i^m<D^ti^*ti\c-D\,^xmm^^^m^ 

-i{^:^3i>'f^t\^m(0^mxm^tit:L^. m^<Di^V 
=^ >'mitm 4 {ZTjk x^ti^y X-^^S^;?W(c:(j!c# LT i^T 

[0 0 2 7] (mm- 4 ) ^^-3 (D'^^i^C^^^ 

mx\tm&^3k<Dmmi^^ii^ti:< . Fim^mw i o e t r 

W\^:tfy- h^mmi 0 3 txm^ti^^m^mic:^^ ^ 

slJitfflv^T«lrt^^Tofco :^mmx\t. :^y-h'mm^ 

fz^^(D:^y- h^mm^^mm&mti^m^x^ ^>^y 
-^cvDmm^i^mv. ^mm^m\f^xp^i^^mt^i o 

6 tF]W]^tiy- h'm.m 10 3 txm'^^^nm^m<D 

-y'y ^'-^^m^m^l^tio ^^^T•^v^fc:/^X-v'CV 
y:-^CVDmWtm 3 (c^L/c:/^X-v'C VDi^g^- 
(ii5$75mm) . 103B {fi5$ 2 3 0mm) , 10 
3C (115^7 5 mm) O 3 otcm^&^J^^^f) ^ ixT^fiJc 
^nTl^^o ;t;y- Km^^l 0 3 A^:^y- Kffi^^l O 
SB^ct^PbI. ^5:05;^y- KmSl 0 3Bi;^7y- Km^S 
10 3 C tCOm^^itM^ 1 0 mmCOlfel^^l^ 1 2 1 A <b 

f&m^ui2iBt/)*^M^tix\^^^o i2 0itmm&m 

tf^^^X^^o 10 9A, 109B. 10 9CJiS-g' 

mmxh^o mm^mmi i i xm^i.tz^m^^'mti 

lH]gSl09A, 109B. 1 0 9 C^r^LT. :3?;y- K 
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mill09A. 109B. 1 0 9 CtC§t*&$ix-5o 

mmm^cm&^4 omh zrxii o omh zcDmm^m 
m.^mm\^x. mm-3 tmm(D^m^n^\ m^-s 
tmrn^'cLx-:;^^ x^mm^m'&i.tzo /^^j. ^mm,m 

LTti. ;^ y - KmH 10 3 ARri 1 0 3 c 
{^-^^^'^2 0 OW^^^^L. :J^7y- KmUl 0 3 Bid 10 

rjm8/)^hmh^^^j:Xo^z.^ m&w^ 4 0 MHz (omm^ 
mm^i^m Ltcm^Rxj^m^^m i o omh z <Dmm&m 

m^mmLfzm^(D\.^rM^h^xh. F^m-^mi^io 

PliR^4 OMH z ^JiSl^l 0 OMH z ^r*fi:/7X-^ 

^^/t^7)^i^cov^r^l. m&^i o omh z ^mmi^fzm 

:ztt^WM\^tio En*>. ii5j^ffim^!^>(7)JliS^^ 1 0 OM 
r CO :/ 7 XV ^ *&-"ft;-r 6 r <t -e # 6 o 

[0 0 2 8 1 (31^- 5 ) ±'^(Dmm~ 4 (7),^^(-^<;t;. 

:^^^r'f±!l 9 t:!;^^ L/c:/^ X-v C V D^g^^ffl L 

fco lll9(;i7nLyc:?'^X-x-^^S^gfl, metCTj^L/ciX 30 

0 t 'y-fvyy^^'y 13 1 ^^'^ I^l^/'::t>(OT'^6o ^ 

nm. \ 1 1 T'^^L/'ci^ii^^m;^^i^iii^m;^5^gs^i 

2 0{Cj:i9 3:»filL. S-^lHlSSl 0 9 A. 1 0 9 8. 1 
0 9 C^:fM.T. ;3t7 y- 0 9 A, 1 0 9 8, 1 

0 9 cic^t^LTfiScM^tTofco i 

T'f^§JiL/i|J^im'2 a . 2b7^M9a. 9 b (7:>f^^^{^ <i: 

2 2 a. 2 2b7!;M2 9a. 2 9 b ^^^to rix{c:^ID;t 

T. /i?Sm3 5 OMH z (7)i«il^Sm^!l^feffiLfcJ[^^CO 

3 0b^t#Jto rtvib^)^t^oi>T^^- 1 irf^^coW 

i", /^:Jo. ili6i5:3 5 OMH z(7)ajli^li;i5l«r<£fflLfc 

P^f43 0 a;5^l/3 0 bCO^M{.l:ioV>T(l. ^^s^- , ^SJSS: 
CO 0 2 9 J S5^(;i^Ly5:gmX>>bi^T<or 50 
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Li^Co HP^. ( i ) y - Kmei^Rf§Jt^S*(0»A:ferf^ 
\zn.'n^W^\^x^m^rxfSiob. /liK^e OMH zJ[^ 

<Dwy5\^(nmwj-^y^^<n7L^z.ht-x^'b ; ui) 

MHz Jl^± 3 0 0 MH z JliiTC0f^i^r^m2^.^i^ ffl Lt^c:^ 
-g^tcn, 4 0 MmJ!iJL±(7):^#/^fiic^igST% m^¥K4# 
t^tcmfcitafl^>^JFM-r5^<^;0^T't6 : (iii) Rfti 
t^Sf*:^lHl|s$i±/<^;iiS(b/*l^^^f9 <t/^^Sm2 0 OMH 

(c. ^Jf:A7t);^t < ; (iv)Rfg4^Sf*:^lp]e$-ti: 
TJ::^^^^??:^ ^ <tiltfeSc6 OMH zJ[^Ji.±<oii5;iifem«f. 
^{^fflL/c:^^t:ifi. RfSt^cSf^co;i:^f^(7)^j?A^7i^ 

[0 0 3 0] (^1^- 6 ) ±5£E<^^i^- 5 J: (9 . J^Sm 
6 0MHz)^±cOi«i^&mi!^.^f^fflL. Rf^)btSi^^[Hl 

mm^ir^lSL-t^ r i: ;^ST-# 6 C i: LfcTif^ ^js:^®^ 

-e^:±R^^^btSi^^{E]^$-t■/c^v^^'&r^feor 

T^^f^^ffofc. 7^^@^-Ct:i±ai(7)^^-2r*#bnyS: 

(c. Rfait^Sf^coj^;^i^(7)flIfi:i^7;6^{&<jip;t«btt^.h 
co^^t^^^. ;&y- Kmil^Rf^<^Sft:(7)tt:^r^t;i1S 

[gI9(c:^Lyc^m^— l^|5e^c3tUfct)Cor'fc6o miOC: 
Tj^L/cX^X-v-^Sy^Sfi, S^[HlSSl09A. 109 
8. 10 9CJ:I9. ;«7y- KHHl 0 9 A, 10 9B, 

1 0 9 o<D^ic\.^nnt^^Wi^'t^^n'&,n.'h^^u 1 

18A, 118B. 118C^. ^n.^*m 1 8 A, 1 
18a, 118B, 118b. 118C. 1 1 8 c (C5> 

C1t/?)cr-fe5c ^.f4o. i^i^i^m;^^^^^ 1 i8A<h;«;y 
- vnm 1 0 3 A ^ <r>^M.Rxy^^niSLn.tim^m 1 1 s 

a i;?7y- Km^^i 0 3 A,^(7)g^{l, RM^^Sf^iO 

^^T'Ji. H! 1 Ot;i.i^L/c:r7X-;j-^^^g^fe^ L 
T. ^1^- 1 T'f^iSiLfc^)^2 a . 2 b 7!?^ 9 a . 9 b 

'fsf^\^. ^:^3 2a. 3 2b7!;^3 9a. 3 9 b 

fco cix(c:^jD;tT. i^S^3 5 OMH z (Of^i^lSmi^<Sr 
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(0 0 3 1 ] mem{C7jk;^tlfz^^X^UT(DZt^^>m 

mLtco mh. (i) ;^y- Kmi^^Rfift^s«s:<7)tt:^ 

t^^^x^^ ; iii)mi^^mm^itti:\^^m^xh-:>xh. 
ji^^^e OMH z u±s 0 OMH z^T<Dmm^Mm^ 

6 ; (iii) 3 0 0 MH z ^^X. 5 <h tAZ^I^O^ 

m=^'^n^mtmAt't ^ ; ( i v) /5jcsiiis<bm^^K 

i&:^Ii§Jcfi:. 1 0 OMH z 2 5 OMH z . Sig*c:f^ 1 0 
OMH z ^ 2 0 OMH z (D^mX^^o 20 
I 0 0 3 2 1 (^®|- 7 ) ±.^(r>mM- 4 7!;^^i^- 6 

LTfiJc^^^T^:^ "5 i:. Jli6^6 OMH zJeA±<7)ii5jliSm 

mmm^mjs.mm&xmi^x^^:Lttmm^rifz.. 

-^6^tC^<{^^^ix-Cl'>6il^K^l 3. 5 6MHZCO 30 

y - vm.mmm-^^^^^'^x. v\W\'^mw^ttiy - v 
nmto:>mi,zm—^^^y y^-^^^m^hti^M^^^^x 

tC'^ML. Rfft^Sft:! 0 6 <i:;?7y- 0 

(1) g^SOOmm, F^fi2 0 8min(7):Jt7y- Kmi^ 
1 0 3:St)«S$ 8 0 0 mm, lE^l 1 0 8 mm<7D A 1 

m^mw-^m^^^m^ ; ^t/ (2) 1 0 0 omm. 40 

f^^2 0 SmmCO^y- Km® 1 0 3RXJ^^^ 10 0 0 
mm. Kfll 0 BmmCOA 1 ^RfS!4^Sft^^fflV>5^ 

[0 0 3 3] ±fE (1) RXy^ (2) (0^^<7>^ix^-ixtC 

o«.^r, j^^^i 3. 5 6MH z <Dmm^nM.^^m 

3xm^fz(Dtmm\^l^x. Rf^:|^S^*^0|^:^^^{col^ 

x<D'7'y^^-^m^^m^t.tio ±te (1) com-g-tcttb 

ixfc^S^HIl ll;i. -5:LTiilE (2) C0(^foV^fc^#b 50 
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tiitf^^^mi 2\z.^th^fi^yy\t\.X7r^iro mi i 

BP*?. :?t7 y- Kim<OS$;ii>8 0 Omm^Tii. fS;^ y 
- Kmil<7):i:^:^r^c^^*St-:by5:oT. J^-/^>^7X-r 

^wT\ :?t7y- KmSO:i:$ 8 0 Omm^Si|l<!: LTJeil 
[0 0 3 41 ;^y- Km®/5i^ ^^a. 1 

Wmx-h^m^. lyy^ l[k^X7jk^ti 

L = /io /27tX [1 •ln[{l + (a' + l' ) 
} /a] - { (a^ + IM } -a] 

^(D^^m^^X. ii:^;0S2 0 8 mmO;^ y- Kmtitco 
v^T. ;<;y- KmmSt^^i-6^i^i^^(7)^:/f-->$^>- 

(Z = coL) ^^a6ito il^SI&13. 5 6MHz. 

;^ y- KS;1^:S8 0 Omm(D^^(D>( :/t'-^>^>^^ 

1. 0 tLxm&mt^y- i'^m^mt^^fzm^(D4 

>\f-^>:^(r>);t^^'7yit\.XMl Zk^TT^-to 11113 

(Dm-^Xhh :z t o fco 
[0 0 3 51 

J^iS^ 6 OMH z : m^^;S:0 . 3 3 mJL^T 

10 0 MH z : mi^S 0 . 2 5 m^T 

2 0 0 MH z : 0 . 17 mi^T 

m^&^ 3 0 0 MH z : 0 . 14 ml^T 

[0 0 3 61 tJ^oT. f^^-r6i^J^iSm«f.co;i?s^{c/^; 
DT. 5)'#J^ttfc:^y- Km^lc7)g$^Jlii5C7)^all<*:-t- 
[0 0 3 7 1 ^mm^^. ±^(0^:^- 1 7!;^^^- 6 (D 

i^m^ift'i^x^m^Motih<r>xh^o.>^mma. VH 
F X-T c V <t i^:X^ X-v' c V Dife^HiS^^ 

iSLfc^^X-^C VDi^^K^^^-rSo ;^^B^(DVHF 
:/^X-^CVD^fiJ5^(0 2o(D^1t^^^-t-So fin^b. 
:^^0>^o||ic7:)*'^fl8«fi> ?^ffT<o^;C^^f^j;iit« 

hm^'^m^^F^m^&i^(Dmm^cmnhivtz^y- k« 
:^y- Kmis^^T^r^it-r/^x-^^^^^-itTHuieRfii^^ 

Sft:^an±(clt5®M$'m-r ^ VH F :X7 X-7 c V 

T'feoT. mmtf y- h^mmt. mji^Rf^it^s^coife:^ 

^ LT/il^^ 6 0 MH z — 3 0 0 MH z (0®lS(7)S^^g 
$-itHufBR(S!*t^»±«cit^^^JF^jSi-^ C t ^it#m<!: 
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[0 0 3 8 ] ^^m(om2<D:^mmm\±. m.j^T<7:>Kft^ 

b1SiScOg^Jt,^.^:ft'LT;iiS^6 OMH z - 3 0 0 MH 

mmv H F mmm^mmx^±^-^timjmmm:ti^mm 
jSm;^^^^^^^L-CmrfE;^7y- Kmffit;i^*^L, m 

m'ikmi^(Di^^{^{mi.xm^mcmm{^^wi^ti. m 

i^^^&^^^^UTi^iSme OMH 2 — 3 0 OMH z (7)15 30 

[0 0 3 9] m 2 coi^gfli^ti. Mffir- 1 -5^/?;^^^. 

^^L. tufevHF^f^/^^m^.r'^:3fe^-^fcr^/^^^m 
ti^mm^i^mt^m^^^^iY\.xmt^tf V - ks^j^w 

lau. sulSRm:btS^<^m]iE;<7y- Kmi^,bcof«1fcX^ 40 
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